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SYSTEMS FOR TRACKING SURGICAL INSTRUMENTS

A system for tracking a surgical instrument in-

cludes a pattern and a sensor assembly. The pattern is
configured for positioning on a first surgical instrument
and has a plurality of first markers longitudinally spaced
relative to one another and a plurality of second markers
circumferentially spaced relative to one another. The
sensor assembly is configured to operably couple to a
second surgical instrumentand includes atleastone sen-

sor. The at least one sensor is configured to detect at
least one of the first markers, thereby enabling determi-
nation of longitudinal translation of the first surgical in-
strument relative to the second surgical instrument, and
to detect an at least one of the second markers, thereby
enabling determination of rotation of the first surgical in-
strument relative to the second surgical instrument.

6293~ | 7 629
T
1
628 |
!
|
600~ 800~ }
1
|
- T
700- !
610~ ™ !
< < 802- ! 622
1
1 SN E NN EE NN
1 e T T P e e et
1 I T T T P —
1 e e T T T T T T O T T Ty
T ISR ENE NS EEENESENEEEN] T Ty
1 NN AR NN EN) l. IEEEEENEENERENEEN]
"; [
702
612 616 614 ]
{
626 620

FIG. 5

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 385 432 A1 2

Description
FIELD
[0001] The present disclosure relates to systems, and

methods for tracking of surgical instruments and, more
specifically, to systems and methods for linear and rota-
tional tracking of surgical instruments.

BACKGROUND

[0002] Tracking surgical instruments during surgical
procedures facilitates performing the surgical proce-
dures and increases patient safety. For example, with
respect to transvaginal hysteroscopic surgical proce-
dures, instrument tracking facilitates positioning an in-
strument at particular anatomical location (e.g., within
the vagina, vaginal fornix, cervix, uterus, uterine wall, or
in any other suitable for location) and relative to tissue
of interest to operate on (e.g., cut, ablate, observe, biop-
sy, remove, join, treat (thermally, electrically, mechani-
cally, and/or chemically), etc.), the tissue of interest while
avoiding damage to surrounding tissue.

SUMMARY

[0003] As used herein, the term "distal" refers to the
portion that is being described which is farther from an
operator (whether a human surgeon or a surgical robot),
while the term "proximal" refers to the portion that is being
described which s closer to the operator. Termsincluding
"generally," "about," "substantially," and the like, as uti-
lized herein, are meant to encompass variations, e.g.,
manufacturing tolerances, material tolerances, use and
environmental tolerances, measurement variations, de-
sign variations, and/or other variations, up to and includ-
ing plus or minus 10 percent. Further, to the extent con-
sistent, any of the aspects described herein may be used
in conjunction with any or all of the other aspects de-
scribed herein.

[0004] Provided in accordance with aspects of the
present disclosure is a system for tracking a surgical in-
strument that includes a pattern and a sensor assembly.
The pattern is on a first surgical instrument and has a
plurality of first markers longitudinally spaced relative to
one another and a plurality of second markers circum-
ferentially spaced relative to one another. The sensor
assembly is configured to operably coupled to a second
surgical instrument and includes atleast one sensor. The
at least one sensor is configured to detect the at least
one first marker of the plurality of first markers, thereby
enabling determination of longitudinal translation of the
first surgical instrument relative to the second surgical
instrument and to detect the intersection of at least one
second marker of the plurality of second markers, thereby
enabling determination of rotation of the first surgical in-
strument relative to the second surgical instrument.
[0005] In an aspect of the present disclosure, the at
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least one sensor includes at least one first sensor con-
figured to detect the at least one first marker of the plu-
rality of first markers, and at least one second sensor
configured to detect the at least one second marker of
the plurality of second markers.

[0006] Inanother aspect of the present disclosure, the
at least one sensor includes at least two first sensors.
Each sensor of the at least two first sensors is configured
to detect the the at least one first marker of the plurality
of first markers . The at least two first sensors are longi-
tudinally spaced relative to one another.

[0007] Instill another aspect of the present disclosure,
the at least two first sensors enable determination of a
direction of the longitudinal translation of the first surgical
instrument relative to the second surgical instrument.
[0008] In yet another aspect of the present disclosure,
the at least one sensor includes at least two second sen-
sors. Each of the at least two second sensors is config-
ured to detect the the at least one second marker of the
plurality of second markers. The atleast two second sen-
sors are circumferentially spaced relative to one another.
[0009] In still yet another aspect of the present disclo-
sure, the at least two second sensors enable determina-
tion of a direction of the rotation of the first surgical in-
strument relative to the second surgical instrument.
[0010] Inanother aspect of the present disclosure, the
at least one sensor is an optical sensor and the plurality
of first markers is optically distinct from the plurality of
second markers.

[0011] A surgical system for surgical instrument track-
ing provided in accordance with the present disclosure
includes a first surgical instrument, a second surgical in-
strument, and a sensor assembly. The first surgical in-
strumentincludes a pattern having a plurality of first mark-
ers arranged for detection in response to longitudinal
translation of the first surgical instrument, and a plurality
of second markers arranged for detection in response to
rotation of the first surgical instrument. The second sur-
gical instrument is configured to guide the first surgical
instrument such that the first surgical instrument is per-
mitted to translate longitudinally and rotate relative to the
second surgical instrument and such that the first surgical
instrument is constrained relative to the second surgical
instrument in at least one other degree of freedom. The
sensor assembly is operably coupled to the second sur-
gicalinstrumentand includes atleast one sensor defining
a sensing region. The at least one sensor is configured
to detect at least one first marker of the plurality of first
markers, thereby enabling determination of longitudinal
translation of the first surgical instrument relative to the
second surgical instrument, and to detect at least one
second marker of the plurality of second markers, thereby
enabling determination of rotation of the first surgical in-
strument relative to the second surgical instrument.
[0012] In an aspect of the present disclosure, the sec-
ond surgical instrument defines a passage configured to
receive at least a portion of the first surgical instrument,
and the first surgical instrument is configured to longitu-
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dinally translate and rotate within and relative to the pas-
sage of the second surgical instrument.

[0013] In another aspect of the present disclosure, a
sensing region of the at least one sensor intersects the
passage or an extension volume of the passage.
[0014] In stillanother aspect of the present disclosure,
the pattern is disposed on an exterior cylindrical surface
of the first surgical instrument.

[0015] In another aspect of the present disclosure, the
sensor assembly is integrated into the second surgical
instrument. Alternatively, the sensor assembly may be
removably coupled to the second surgical instrument.
[0016] In yet another aspect of the present disclosure,
the at least one sensor includes at least one first sensor
configured to detect the at least one first marker of the
plurality of first markers, and at least one second sensor
configured to detect the at least one second marker of
the plurality of second markers.

[0017] In still yet another aspect of the present disclo-
sure, the at least one sensor includes at least two first
sensors each configured to detect the at least one first
marker of the plurality of first markers, and at least two
second sensors each configured to detect the at least
one second marker of the plurality of second markers.
[0018] In another aspect of the present disclosure, the
at least two first sensors enable determination of a direc-
tion of the longitudinal translation of the first surgical in-
strument relative to the second surgical instrument
and/or the at least two second sensors enable determi-
nation of a direction of the rotation of the first surgical
instrument relative to the second surgical instrument.
[0019] In another aspect of the present disclosure, the
at least one sensor is an optical sensor and the plurality
of first markers is optically distinct from the plurality of
second markers.

[0020] A method of tracking a surgical instrument in
accordance with the present disclosure includes: deter-
mining longitudinal translation of a first surgical instru-
mentrelative to a second surgical instrumentby detecting
at least one first marker associated with the first surgical
instrument with at least one first sensor associated with
the second surgical instrument; and determining rotation
of the first surgical instrument relative to the second sur-
gical instrument by detecting at least one second marker
associated with the first surgical instrument with at least
one second sensor associated with the second surgical
instrument.

[0021] In an aspect of the present disclosure, deter-
mining the longitudinal translation of the first surgical in-
strument relative to the second surgical instrument in-
cludes determining longitudinal translation of the first sur-
gical instrument through a passage defined by the sec-
ond surgical instrument, and determining the rotation of
the first surgical instrument relative to the second surgical
instrument includes determining rotation of the first sur-
gical instrument within the passage defined by the sec-
ond surgical instrument.

[0022] Inanother aspect of the present disclosure, the
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method further includes determining a direction of the
longitudinal translation of the first surgical instrument rel-
ative to the second surgical instrument and/or determin-
ing a direction of the rotation of the first surgical instru-
ment relative to the second surgical instrument.

BRIEF DESCRIPTION OF DRAWINGS

[0023] The above and other aspects and features of
the presentdisclosure will become more apparentin view
of the following detailed description when taken in con-
junction with the accompanying drawings wherein like
reference numerals identify similar or identical elements.

FIG. 1is an exploded, perspective view of a surgical
system in accordance with the present disclosure;
FIG. 2 is a side, partial cross-sectional view of the
system of FIG. 1 positioned intravaginally for per-
forming a procedure on or within a uterus;

FIG. 3 is a perspective view of another surgical sys-
tem in accordance with the present disclosure;
FIG. 4A is a perspective view of a body of a guide
instrument in accordance with the present disclo-
sure;

FIG. 4B is a perspective view of a guide piece of the
guide instrument of FIG. 4A;

FIG.4C is a side view of the guide instrument of FIG.
4Aincluding the guide piece assembled on the body;
FIG. 5 is a perspective view of a tracking system in
accordance with the present disclosure configured
to track a first surgical instrument relative to a second
surgical instrument;

FIGS. 6A and 6B illustrate the tracking system of
FIG. 5 tracking longitudinal translation of the first sur-
gical instrument relative to the second surgical in-
strument;

FIGS. 7A and 7B illustrate the tracking system of
FIG. 5 tracking rotation of the first surgical instrument
relative to the second surgical instrument;

FIGS. 8A-8E are perspective views of other sensor
assemblies configured for use with the tracking sys-
tem of FIG. 5; and

FIG. 9 is a perspective view of another tracking sys-
tem in accordance with the present disclosure con-
figured to track a first surgical instrument relative to
a second surgical instrument.

DETAILED DESCRIPTION

[0024] Referring to FIG. 1, a surgical system provided
in accordance with the present disclosure is shown gen-
erally identified by reference numeral 10. System 10 in-
cludes at least two surgical instruments 100, 200, 300
configured to operably couple to one another such that
relative movement therebetween is constrained in at
least one degree of freedom and such that relative move-
ment therebetween is permitted in at least two degrees
of freedom. For example, surgical instrument 100 may
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be configured for insertion through surgical instrument
200 such that rotation and axial translation of surgical
instrument 100 relative to surgical instrument 200 are
permitted while transverse motion and tilting of surgical
instrument 100 relative to surgical instrument 200 in at
least one degree of freedom are substantially con-
strained. Additionally or alternatively, surgical instrument
200 may be configured for insertion through surgical in-
strument 300 such that rotation and axial translation of
surgical instrument 200 relative to surgical instrument
300 are permitted while transverse motion and tilting of
surgical instrument 200 relative to surgical instrument
300 in at least one degree of freedom are substantially
constrained.

[0025] As detailed below, the present disclosure pro-
vides devices, systems, and methods for linear and ro-
tational tracking of surgical instruments (e.g., between
surgical instruments 100 and 200 and/or between surgi-
cal instruments 200 and 300). System 10, as well as the
other surgical systems provided herein, are detailed
herein as hysteroscopic surgical systems configured for
use in hysteroscopic surgical procedures; however, it is
understood that the aspects and features of the present
disclosure may be utilized in any suitable surgical sys-
tem. Further, while exemplary instruments 100, 200, 300
are detailed herein, it is likewise understood that the as-
pects and features of the present disclosure also to apply
to any suitable surgical instruments and combinations of
surgical instruments including less than or greater than
three instruments.

[0026] Continuing with reference to FIG. 1, system 10
includes: a working instrument 100 (e.g., a tissue resec-
tion device, an ablation device, a biopsy device, a surgical
grasper, a surgical stapler, an electrosurgical instrument,
etc.); an access instrument 200 (e.g., an endoscope, a
cannula, a sheath, etc.) which may also provide visuali-
zation capabilities (e.g., in aspects where access instru-
ment 200 is an endoscope or visualization cannula); and,
in aspects, a guide instrument 300 which may also pro-
vide imaging capabilities (e.g., in aspects where guide
instrument 300 is an ultrasound device). With respect to
system 10 configured for use in hysteroscopic surgical
procedures, as shown in FIG. 1, for example, access
instrument 200 may be a hysteroscope (thus also pro-
viding visualization capabilities) and/or guide instrument
300 may be an ultrasound device (thus also providing
imaging capabilities). Further, for use in hysteroscopic
surgical procedures, guide instrument 300 may be con-
figured for trans-vaginal insertion into position adjacent
to orin abutment with the cervix, while access instrument
200 is configured for insertion through guide instrument
300 and the cervix into the uterus. Working instrument
100, in such configurations, is configured for insertion
through access instrument 200 and into the uterus to
perform a surgical procedure in the uterine cavity and/or
within the uterine wall.

[0027] Working instrument 100 is illustrated in FIG. 1
as a tissue resection device including, for example, a
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housing 110, a shaft 120, a cutting member 130, a drive
mechanism 140, an outflow port 150, and a cable 160.
Housing 110 houses drive mechanism 140 therein and
functions as a handle to enable a user to grasp working
instrument 100, although housing 110 may alternatively
mount on a surgical robot arm (not shown). Drive mech-
anism 140 includes a motor (not shown) and is operably
coupled to cutting member 130 to drive rotation and/or
translation of cutting member 130 relative to shaft 120.
Drive mechanism 140 is adapted to connect to a control
unit (not shown) via cable 160 for powering and control-
ling the motor, although working instrument 100 may al-
ternatively be battery powered or manually powered. A
suction source (not shown) incorporated into the control
unit, or any other suitable vacuum-creating mechanism,
may also be provided to facilitate withdrawal of fluid, tis-
sue, and debris through working instrument 100 and out-
flow tube 150. Other suitable working instruments are
also contemplated such as, for example, an ablation in-
strument or any other suitable surgical instrument con-
figured to operate on (e.g., cut, ablate, observe, biopsy,
remove, join, treat (thermally, electrically, mechanically,
and/or chemically), etc.) tissue of interest.

[0028] Shaft 120 of working instrument 100 extends
distally from housing 110 and, in embodiments, is sta-
tionary relative to housing 110, although other configu-
rations are also contemplated. Shaft 120 defines a win-
dow through a sidewall thereof towards a distal end of
shaft 120 to provide access to cutting member 130 which
is rotatably and/or translatably disposed within shaft 120
and, as noted above, operably coupled to drive mecha-
nism 140. Cutting member 130 defines an opening pro-
viding access to the interior thereof and may include a
serrated cutting edge surrounding the opening, although
other suitable cutting edge configurations are also con-
templated. Alternatively or additionally, shaft 120 may
include a cutting edge defined about the window thereof.
[0029] In use of working instrument 100, upon activa-
tion, tissue is drawn through the window of shaft 120 and
into the opening of cutting member 130, e.g., under vac-
uum. As tissue is drawn into the opening of cutting mem-
ber 130, the tissue is resected via the rotation and/or
translation of cutting member 130 relative to shaft 120,
thus enabling the resected tissue to be drawn proximally
through cutting member 130, along with fluid and debris.
The resected tissue, fluid, and debris are drawn proxi-
mally under vacuum through cutting member 130,
through outflow port 150, and through outflow tubing (not
shown) and, ultimately, to one or more collection canis-
ters of a fluid management system (not shown).

[0030] Referring still to FIG. 1, access instrument 200
may be configured as a hysteroscope including an elon-
gated tubular member 202 and a proximal body 240.
Elongated tubular member 202 defines a working chan-
nel 204 configured to receive a working instrument there-
through, e.g., working instrument 100. Working channel
204 may also serve as a fluid inflow (or outflow) channel.
Alternatively or additionally, a separate fluid inflow (or
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outflow) channel may be provided. Elongated tubular
member 202 further includes optics 210 extending there-
through to enable visualization at the distal end of elon-
gated tubular member 202.

[0031] Proximal body 240 includes a housing 242, a
light post 244, a valve 246, and an arm 248. Light post
244 extends from housing 242 and is configured to con-
nect to a light source, e.g., to illuminate a distal end of
elongated tubular member 202 via one or more fiber optic
strands (not shown) coupled to light post 244 and ex-
tending through elongated tubular member 202. Valve
246 is disposed in fluid communication with working
channel 204 and is configured to enable the selective
inflow and/or outflow of fluid to/from working channel 204.
In configurations where multiple flow channels are pro-
vided, multiple valves may likewise be provided. Arm 248
is configured to connect to an imaging device, e.g., a
camera, to capture images received via optics 210 and,
thus, enable display of a video image of an internal sur-
gical site as captured by optics 210.

[0032] Guide instrument 300 may be configured as an
ultrasound device including a proximal body 310, a shaft
320 extending distally from proximal body 310, and an
ultrasound sensor assembly 330 disposed at a distal end
portion 324 of shaft 320. Guide instrument 300 further
includes a longitudinal lumen 340 defined through prox-
imal body 310 and shaft 320 and including an open prox-
imal end 342 and an open distal end 344. Longitudinal
lumen 340 may be coaxial with a longitudinal axis defined
through shaft 320 or may be offset and/or angled relative
thereto. Longitudinal lumen 340 is configured to permit
passage of atleast a portion of elongated tubular member
202 of access instrument 200 therethrough such that a
distal portion of the elongated tubular member 202 ex-
tends through open distal end 344 of longitudinal lumen
340 and distally from shaft 320. Longitudinal lumen 340
may additionally or alternatively be configured to permit
passage of other instrumentation, e.g., one or more work-
ing instruments, therethrough.

[0033] Proximalbody 310 of guide instrument 300 may
be configured as a handle including, for example, a pistol-
style grip 312, although other handle configurations are
also contemplated as are non-handle configurations,
e.g., for mounting guide instrument 300 and/or attaching
guide instrument 300 to a surgical robot arm. A cable 350
extends from proximal body 310 to connect ultrasound
sensor assembly 330 to an ultrasound console (not
shown), e.g., via wires (not shown) extending from ultra-
sound sensor assembly 330 through shaft 320, proximal
body 310, and cable 350.

[0034] Shaft 320 of guide instrument 300 is configured
for trans-vaginal insertion into position adjacent or in
abutment with the cervix such that distal end 344 of lon-
gitudinal lumen 340 is oriented towards the cervical canal
to enable passage of access instrument 200 (or other
suitable surgical instrumentation) through longitudinal lu-
men 340, out distal end 344 thereof, through the cervical
canal, and into the uterus. A body portion 322 of shaft
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320 may define a cylindrical-shaped configuration and/or
distal end portion 324 of shaft 320 may be tapered,
curved, and/or otherwise atraumatically configured to fa-
cilitate atraumatic insertion.

[0035] Ultrasound sensor assembly 330 includes one
or more ultrasound sensors 332, e.g., ultrasound trans-
ducers, to enable ultrasound imaging of tissue, e.g., the
uterus. Each ultrasound sensor 332 is configured to emit
ultrasound waves, e.g., high-frequency sound waves,
and to receive echoed waves produced by the reflection
of the ultrasound waves against the various tissue struc-
tures encountered. The echoed waves received by each
ultrasound sensor 332 are output to animage processing
unit (not shown), e.g., by way of wires extending through
shaft 320, proximal body 310, and cable 350. In aspects,
ultrasound sensor assembly 330 may be configured for
2D ultrasound imaging. In other aspects, ultrasound sen-
sor assembly 330 includes a plurality of ultrasound sen-
sors 332 forming an ultrasound sensor array that defines
a portion of a circle, a portion of a polygon, a partially-
polygonal, partially-arcuate configuration, or other suita-
ble configuration to enable reconstruction of a 3D ultra-
sound image therefrom for 3D ultrasound imaging. In this
manner, when activated, ultrasound sensor assembly
330 enables ultrasound imaging oftissue, e.g., the cervix,
uterus, and/or surrounding tissue.

[0036] Turning to FIG. 2, system 10 is shown in use
wherein guide instrument 300 is inserted trans-vaginally
through the vaginal canal "V" such that distal end portion
324 of shaft 320 thereof is disposed adjacent to or in
abutment with the cervix "C." In this position, more spe-
cifically, ultrasound sensor assembly 330 is positioned
adjacent to or in abutment with the cervix "C" to enable
ultrasound imaging of a field of view "F1" including the
uterus "U" and surrounding tissue. Further, in this posi-
tion, open distal end 344 of longitudinal lumen 340 is
oriented in alignment with the cervical canal and elon-
gated tubular member 202 extends therefrom, through
the cervix "C" and into the uterus "U." In this manner,
access instrument 200 may be utilized for visualization
within the uterus "U," e.g., providing a field of view "F2,"
together with or separately from the ultrasound imaging.
Access instrument 200 may also be used for the intro-
duction of fluid into and/or the removal of fluid from the
uterus "U" and/or for passage of a working instrument
100, e.g., a tissue resection device, ablation device, bi-
opsy device, etc., therethrough and into the uterus "U"
to perform one or more hysteroscopic tasks therein (e.g.,
within the uterus "U") or therethrough (e.g., within the
uterine wall). The use of ultrasound imaging of the uterus
"U" from the exterior thereof and/or visualization of the
uterus "U" from within the uterine cavity provides in-
creased visibility for performing various different hyster-
oscopic tasks without the need to swap out instruments
supporting different imaging modalities and/or providing
different imaging perspectives.

[0037] Referring generally to FIGS. 1 and 2, as noted
above, longitudinal lumen 340 of guide instrument 300
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is configured to permit passage of at least a portion of
elongated tubular member 202 of access instrument 200
therethrough. More specifically, access instrument 200
is configured for telescopic insertion through longitudinal
lumen 340 of guide instrument 300 such that rotation and
axial translation of access instrument 200 relative to
guide instrument 300 are permitted while transverse mo-
tion and tilting of access instrument 200 relative to guide
instrument 300 are substantially constrained. Thus, ac-
cess instrument 200, when inserted through longitudinal
lumen 340 of guide instrument 300, is only permitted to
rotate relative to guide instrument 300 or axially translate
through guide instrument 300.

[0038] Similarly with respectto working instrument 100
and access instrument 200, working channel 204 of ac-
cess instrument 200 is configured to permit passage of
at least a portion of shaft 120 of working instrument 100
therethrough. More specifically, working instrument 100
is configured for telescopic insertion through working
channel 204 of access instrument 200 such that rotation
and axial translation of working instrument 100 relative
to access instrument 200 are permitted while transverse
motion and tilting of working instrument 100 relative to
access instrument 200 are substantially constrained.
Thus, working instrument 100, when inserted through
working channel 204 of access instrument 200, is only
permitted to rotate relative to access instrument 200 or
axially translate through access instrument 200.

[0039] Turning to FIG. 3, other configurations of the
access instrument and/or guide instrument to provide ad-
ditional or alternative degrees of freedom of an instru-
mentinserted therethrough and/or to constrain additional
or alternative degrees of freedom of an instrumentinsert-
ed therethrough are also contemplated. For example,
FIG. 3 illustrates a guide instrument 400 provided in ac-
cordance with the present disclosure including access
instrument 200 operably inserted therethrough.

[0040] Guide instrument400 includes a frame 402 and
an ultrasound sensor assembly 430. Frame 402 is
formed from a pair of spaced-apart rails 404. Rails 404
may be configured as plates extending in substantially
parallel orientation relative to one another, orin any other
suitable manner. Rails 404 are bent at a bend 406 to
define a more-proximal upright portion 410 and a more-
distal longitudinal portion 420 disposed at an angle rel-
ative to one another, e.g., from about 60 degrees to about
120 degrees. A proximal spacer 412 is disposed between
the rails 404 at upright portion 410 of frame 402 and is
secured therebetween such that rails 404 are secured to
one another and the spacing between rails 404 along
upright portion 410 is maintained. A distal spacer 422 is
disposed between the rails 404 at longitudinal portion
420 of frame 402 and is secured therebetween such that
rails 404 are secured to one another and the spacing
between rails 404 along longitudinal portion 420 is main-
tained.

[0041] The proximal end portion of upright portion 410
of frame 402 may include a handle disposed thereon to
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facilitate manual manipulation of guide instrument 400
and/or may be configured to be mounted on a support
arm "SA" of a support device "SD," e.g., a robotic arm of
a surgical system or a mounting arm of a mounting frame,
thus obviating the need for a surgeon to manually ma-
nipulate guide instrument400 and/or manually hold guide
instrument 400 to retain the position thereof. Suitable
mounting hardware "M" may be provided integrally with
or attachable to the proximal end portion of upright portion
410 for releasably engaging support arm "SA."

[0042] Ultrasound sensor assembly 430 extends dis-
tally from the distal end of longitudinal portion 420 of
frame 402 and is secured thereto. More specifically, ul-
trasound sensor assembly 430 may be formed with, at-
tached to, or otherwise fixed relative to distal spacer 422
such that the engagement of distal spacer 422 between
rails 404 also secures ultrasound sensor assembly 430
relative to frame 402, or may be secured relative to frame
402, directly or indirectly, in any other suitable manner.
Ultrasound sensor assembly 430 includes one or more
ultrasound sensors 432 and may be configured similar
to and/or include any of the features of ultrasound sensor
assembly 330 (FIGS. 1 and 2), as detailed above.
[0043] Bend 406 of frame 402 enables insertion of
elongated tubular member 202 of access instrument 200
between rails 404 in substantially coaxial or parallel ori-
entation relative to the longitudinal axis defined by lon-
gitudinal portion 420 of frame 402. Alternatively, elongat-
ed tubular member 202 of access instrument 200 may
be inserted between rails 404 at an angle relative to the
longitudinal axis. Regardless of the angle of insertion,
with elongated tubular member 202 of access instrument
200 extending between rails 404, rails 404 serve to sub-
stantially inhibit transverse motion and tilting of elongated
tubular member 202 in a first direction (laterally, from the
orientation illustrated in FIG. 3) that is perpendicular to
the longitudinal axis defined by longitudinal portion 420
of frame 402, while permitting transverse motion and tilt-
ing of elongated tubular member 202 in a second direc-
tion (vertically, from the orientation illustrated in FIG. 3)
that is perpendicular to the longitudinal axis and the first
direction. Frame 402 also permits rotation and longitudi-
nal translation of elongated tubular member 202 relative
to the longitudinal axis defined by longitudinal portion 420
of frame 402. Thus, access instrument 200, when insert-
ed between rails 404 of guide instrument 400, is only
permitted to rotate relative to guide instrument 400, lon-
gitudinally translate through guide instrument 400, and
move and tilt transversely relative to guide instrument
400 in one direction perpendicular to the longitudinal axis
of longitudinal portion 420 of frame 402.

[0044] Referringto FIGS. 4A-4C, another guide instru-
ment provided in accordance with the present disclosure
is shown generally identified by reference numeral 500.
Guide instrument 500 includes a guide piece 510 and a
body 520. Guide piece 510 may be releasably engagable
with body 520 (as shown) although integrated configu-
rations are also contemplated. Body 520 includes a prox-
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imal handle 530 and a shaft 540 extending distally from
proximal handle 530. Body 520 may be configured as an
ultrasound device and, thus, may further include an ul-
trasound sensor assembly 550 disposed at a distal end
of shaft 540. Ultrasound sensor assembly 550 may be
configured similar to and/or include any of the features
of ultrasound sensor assembly 330 (FIGS. 1 and 2), as
detailed above.

[0045] Proximal handle 530 of body 520 is shown hav-
ing a pistol-style grip, although other handle configura-
tions are also contemplated as are non-handle configu-
rations, e.g., for mounting body 520 on and/or attaching
body 520 to a surgical robot arm. A cable (not shown)
may extend from proximal handle 530 to connect ultra-
sound sensor assembly 550 to an ultrasound console
(not shown), e.g., via wires (not shown) extending from
ultrasound sensor assembly 550 through shaft 540, prox-
imal handle 530, and the cable, although battery-pow-
ered configurations are also contemplated. Proximal
handle 530 of body 520 further includes a saddle 532
disposed at an upper end thereof and an engagement
notch 534 disposed on either side of saddle 532 at the
upper end of proximal handle 530.

[0046] Shaft 540 of body 520 extends in a generally
perpendicular orientation from the upper end of proximal
handle 530, although other angles are also contemplat-
ed. Shaft 540 of body 520 defines a longitudinal recess
544 extending from a proximal end of shaft 540 distally
along at least a portion of the length of shaft 540. Longi-
tudinal recess 544 may define a semi-cylindrical config-
uration or any other suitable configuration and is config-
ured to receive a portion of the instrument configured for
coupling with guide instrument 500 to align and guide the
instrument relative to body 520.

[0047] Guide piece 510includes a head 512 and a pair
of engagement tangs 514 extending from either side of
head 512. Tangs 514 are configured to releasably en-
gage engagementnotches 534 of body 520, e.g., in snap-
fitengagement, to secure guide piece 510 relative to body
520. Head 512 defines a guide aperture 516 that aligns
with longitudinal recess 544 of body 520 when guide
piece 510 is engaged with body 520. Guide instrument
500 is configured to telescopically receive, through guide
aperture 516 and longitudinal recess 544, an instrument
such that, similarly as detailed above with respect to
guide instrument 300 (FIGS. 1 and 2), rotation and axial
translation of the instrument relative to guide instrument
500 is permitted while transverse motion and tilting of the
instrument relative to guide instrument 500 are substan-
tially constrained. Thus, the instrument, when inserted
through aperture 516 and longitudinal recess 544, is only
permitted to rotate relative to guide instrument 500 or
axially translate through guide instrument 500.

[0048] Turning to FIGS. 5-9, provided in accordance
with the presentdisclosure are tracking devices, systems
and methods for tracking relative translational and rota-
tional motion of one surgical instrument (e.g., one of in-
struments 100, 200, or any other suitable surgical instru-
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ment) relative to another surgical instrument (e.g., one
of instruments 200, 300, 400, 500, or any other suitable
surgical instrument).

[0049] With reference to FIG. 5, a tracking system 600
provided in accordance with the present disclosure in-
cludes a tracking pattern 610 and a tracking sensor as-
sembly 620.

[0050] Tracking pattern 610 is disposed on a surgical
instrument 700 and, more specifically, on a substantially
cylindrical portion 702 of surgical instrument 700, which
may represent, for example: a portion of shaft 120 of
surgical instrument 100 (FIG. 1); a portion of elongated
tubular member 202 of surgical instrument 200 (FIG. 1);
etc. Tracking pattern 610 may be permanently disposed
on surgical instrument 700, e.g., via providing tracking
pattern 610 directly on surgical instrument 700, or may
be removable from surgical instrument 700, e.g., tracking
pattern 610 may be defined on a sleeve configured for
positioning about surgical instrument 700, a sticker con-
figured to adhere to surgical instrument 700, etc.
[0051] Tracking pattern 610 includes a plurality of lon-
gitudinal markers 612 longitudinally spaced at pre-deter-
mined (and, in aspects, constant)intervals and extending
circumferentially about tracking pattern 610, and a plu-
rality of rotational markers 614 circumferentially spaced
at pre-determined (and, in aspects, constant) intervals
and extending longitudinally along tracking pattern 610.
As shown in FIG. 5, markers 612, 614 may be configured
as lines forming a grid extending about the outer sub-
stantially cylindrical surface of portion 702 of surgical in-
strument 700, although other suitable patterns of markers
612, 614 and/or configurations (e.g., symbols, dots, etc.)
of markers 612, 614 are also contemplated.

[0052] Markers 612, 614 may be painted, deposited,
printed, etched, molded, sprayed, sputtered, or other-
wise formed on surgical instrument 700 or a component
(e.g., asleeve orasticker) configured to attach to surgical
instrument 700. In aspects, tracking pattern 610 further
includes a background 616 that contrasts with markers
612, 614, although in other aspects the underlying sur-
gical instrument 700 and/or component functions as the
contrast background 616.

[0053] Markers 612, 614 are configured to be detected
via one or more sensors when markers 612, 614 move
pastthe sensor(s) or otherwise intersect a sensing region
associated with the sensor(s). More specifically, markers
612, 614 may be configured to be detected by optical
sensors and, thus, are optically distinct, e.g., in color,
reflectance, etc. from background 616, thus enabling the
optical sensor to detect the presence of a marker 612,
614. In aspects, markers 612, 614 are also optically dis-
tinct from one another to enable an optical sensor to dis-
tinguish between markers 612, 614. In addition, longitu-
dinal markers 612 may be optically distinguished from
other longitudinal markers 612 and/or rotational markers
614 may be optically distinguished from other rotational
markers 614.

[0054] Inotheraspects, markers 612, 614 may be con-
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figured to be detected by magnetic sensors and, thus,
are electromagnetically distinct from background 616,
e.g., wherein markers 612, 614 are magnetic and back-
ground 616 is not, vice versa, or where markers 612, 614
define a first electromagnetic property and background
616 defines a second, different electromagnetic property,
thus enabling the magnetic sensors to detect the pres-
ence of a marker 612, 614. In such aspects, markers
612, 614 may also be electromagnetically distinct from
one another. In addition, longitudinal markers 612 may
be electromagnetically distinguished from other longitu-
dinal markers 612 and/or rotational markers 614 may be
electromagnetically distinguished from other rotational
markers 614.

[0055] In still other aspects, markers 612, 614 may be
configured to be detected by proximity sensors and, thus,
are physically distinct from background 616, e.g., where-
in markers 612, 614 protrude from or are recessed rela-
tive to background 616, thus enabling the proximity sen-
sor to detect the presence of a marker 612, 614. In such
aspects, markers 612,614 may also be physically distinct
from one another, e.g., via protruding or being recessed
more or less relative to one another or where one pro-
trudes and the other is recessed. In addition, longitudinal
markers 612 may be physically distinguished from other
longitudinal markers 612 and/or rotational markers 614
may be physically distinguished from other rotational
markers 614.

[0056] Other suitable configurations of markers 612,
614 relative to background 616 (and, in aspects, one an-
other) to enable detection thereof via different sensors
are also contemplated. Further, in aspects, markers 612
may be configured to be detected by a first type of sensor
while markers 614 are configured to be detected by a
second, different type of sensor.

[0057] Continuing with reference to FIG. 5, sensor as-
sembly 620 is associated with a surgical instrument 800
configured to operably receive cylindrical portion 702 of
surgical instrument 700. More specifically, surgical in-
strument 800 includes a passage 802 (e.g., an opening,
channel, aperture, lumen, etc.) configured to receive cy-
lindrical portion 702 of surgical instrument 700, permitting
rotation and translation of cylindrical portion 702 of sur-
gical instrument 700, and constraining cylindrical portion
702 of surgical instrument 700 in at least one other de-
gree of freedom. For example, surgical instrument 800
and passage 802 thereof may represent: working chan-
nel 204 of instrument 200 (FIG. 1); longitudinal lumen
340 of instrument 300 (FIG. 1); the space defined be-
tween rails 404 of instrument 400 (FIG. 3); or aperture
516 of instrument 500 (FIG. 4). Sensor assembly 620,
more specifically, may be integrally formed with surgical
instrument 800 or may be releasably engagable there-
with. In either configuration, sensor assembly 620 may
be disposed along passage 802 or at an end (adjacent
or spaced-apart) of passage 802.

[0058] Sensor assembly 620 includes one or more
sensors 622 disposed within a base 626 or integrated
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into surgical instrument 800. Further, processing elec-
tronics 628 may likewise be disposed within base 626 or
integrated into surgical instrument 800, or may be re-
motely disposed (e.g., on or within a console) and elec-
trically coupled to sensors 622 via a wired or wireless
connection. Each sensor 622 or set of sensors 622 is
configured to detect markers 612, 614 as markers 612,
614 move past the sensor 622 or otherwise intersect a
sensing region associated with the sensor 622. Sensors
622, more specifically, are positioned to detect markers
612 as cylindrical portion 702 of surgical instrument 700
is longitudinally translated through and relative to pas-
sage 802 of surgical instrument 800 and to detect mark-
ers 614 as cylindrical portion 702 of surgical instrument
700 is rotated within and relative to passage 802 of sur-
gical instrument 800. Sensors 622 may thus be directed
inwardly towards passage 802, e.g., in configurations
where sensor assembly 620 is disposed along passage
802, or may be directed inwardly towards an extension
volume of passage 802, e.g., in configurations where
sensor assembly 620 is disposed at an end of passage
802. In either configuration, the sensing regions associ-
ated with sensors 622 extend, e.g., transversely, through
passage 802 (or a volume extension of passage 802),
thereby enabling detection of markers 612, 614 as cylin-
drical portion 702 of surgical instrument 700 is moved
relative to passage 802 of surgical instrument 800.
[0059] Depending upon the configuration of markers
612, 614, the one or more sensors 622 of sensor assem-
bly 620 may be optical sensors, magnetic sensors, prox-
imity sensors, combinations thereof, or any other suitable
sensors or combinations of sensors to detect markers
612, 614.

[0060] Turning now to FIGS. 6A and 6B, in use, as
cylindrical portion 702 of surgical instrument 700 is trans-
lated longitudinally through passage 802 of surgical in-
strument 800, one or more of the sensors 622 of sensor
assembly 620 detects the longitudinal markers 612 of
pattern 610 moving past the sensor(s) 622. With addi-
tional reference to FIG. 5, the one or more sensors 622
are configured to communicate these detections (e.g., in
the form of counts or other suitable signals) to processing
electronics 628, which may include a processor 629aand
memory 629b (e.g., a non-transitory computer-readable
storage medium) storing instructions to be executed by
processor 629a to process the detection signals received
form sensor(s) 622. Processing electronics 628 may also
include other suitable electronics such as, for example,
an input/output (not explicitly shown) to enable commu-
nication with sensors 622 (via wired or wireless connec-
tion) and/or other devices, and/or, in aspects where
processing electronics 628 are incorporated on orin base
626, a power source such as a battery (not explicitly
shown). Processing electronics 628 are configured to
count the number of markers 612 detected based upon
the signal received from sensor(s) 622 and, given the
known longitudinal spacing of the markers 612, deter-
mine the longitudinal distance cylindrical portion 702 of
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surgical instrument 700 has translated through passage
802. Likewise, by determining the rate at which the mark-
ers 612 are detected (e.g., where the signals provided
by sensors 622 to processing electronics 628 are times-
tamped or include timestamp information), the speed of
longitudinal translation of cylindrical portion 702 of sur-
gical instrument 700 through passage 802 can also be
readily determined by processing electronics 628. Mark-
ers 612 may include different proximal and distal edges
(or other suitable differences) to further enable determi-
nation of a direction of translation of cylindrical portion
702 of surgical instrument 700 through passage 802. Ad-
ditionally, or alternatively, as detailed below, the use of
multiple sensors 622 enables directional tracking.
[0061] Referring to FIGS. 7A and 7B, in use, as cylin-
drical portion 702 of surgical instrument 700 is rotated
within and relative to passage 802 of surgical instrument
800, one or more of the sensors 622 of sensor assembly
620 detects the rotational markers 614 of pattern 610
moving past the sensor(s) 622. By counting the number
of markers 614 detected, and given the known angular
spacing of the markers 614, the angular rotation of cy-
lindrical portion 702 of surgical instrument 700 relative
to passage 802 can be readily determined. Likewise, by
detecting the rate at which the markers 614 are detected,
the rotational speed of cylindrical portion 702 of surgical
instrument 700 within passage 802 can also be readily
determined. Markers 614 may include different clock-
wise-facing and counterclockwise-facing edges (or other
suitable differences) to further enable determination of a
direction of rotation of cylindrical portion 702 of surgical
instrument 700 within passage 802. Additionally, or al-
ternatively, as detailed below, the use of multiple sensors
622 enables directional tracking.

[0062] Turning to FIGS. 8A-8E, and with initial refer-
ence to FIG. 8A, in aspects, the sensor assembly 620a
includes two bases 624a, 626a each including one or
more sensors 622a. Bases 624a, 626a are longitudinally
spaced-apart from one another such that the sensors
622a are likewise longitudinally spaced-apart from one
another. Thus, in use, the direction of translation can be
determined depending upon which sensor 622a detects
a particular marker 612 or set or markers 612 first. Re-
ferring to FIG. 8B, similarly with respect to rotation, the
sensor assembly 620b may include two bases 624b,
626b each including one or more sensors 622b. Bases
624b, 626b are circumferentially spaced-apart from one
another such that the sensors 622b are likewise circum-
ferentially spaced-apart from one another. Thus, in use,
the direction of rotation can be determined depending
upon which sensor 622b detects a particular marker 614
or set or markers 614 first.

[0063] Referring to FIG. 8C, rather than two bases as
with sensor assembly 620a (FIG. 8A), sensor assembly
620c may include longitudinally-spaced sensors 622c
disposed within a single base 626¢ but may otherwise
operate similar to sensor assembly 620a (FIG. 8A). Like-
wise with respect to FIG. 8D, rather than two bases as
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with sensor assembly 620b (FIG. 8B), sensor assembly
620d may include circumferentially-spaced sensors
622d disposed within a single base 626d but may other-
wise operate similar to sensor assembly 620b (FIG. 8B).
Combinations of the above-noted configurationsin FIGS.
8A-8D are also contemplated.

[0064] TurningtoFIG.8E, ratherthanincluding abase,
sensor assembly 620e may be integrated into a portion
of surgical instrument 800. More specifically, sensors
622e may be disposed on or within surgical instrument
800 and operably positioned relative to passage 802 in
any of the manners detailed above, combinations there-
of, or in any other suitable manner to enable translational
and/or rotational tracking of a surgical instrument insert-
ed through passage 802, e.g., surgical instrument 700
(FIGS. 5-7B).

[0065] With referenceto FIG. 9, in aspects, rather than
the pattern being associated with the inner or guided in-
strument and the sensor assembly associated with the
outer or guiding instrument, this configuration may be
reversed. That is, a pattern 910 including markers 912,
914 (and, in aspects, a contrast background 916) includ-
ing any of the aspects and features detailed hereinabove
may be provided on an interior surface 1004 of a surgical
instrument 1000 (e.g., a cylindrical interior surface 1004
of surgical instrument 1000) defining a passage 1002 at
least partially through the surgical instrument 1000 while
the one or more sensors 922 including any of the aspects
and features detailed hereinabove are coupled to or in-
tegrated with a surgical instrument 1100 (e.g., a cylindri-
cal portion 1104 of surgical instrument 1100) configured
for insertion at least partially through the passage 1002
of the surgical instrument 1000.

[0066] Referring generally to FIGS. 5-9, in configura-
tions where the surgical instrument to be tracked is con-
figured to move transversely and/or tilt relative to the
guide instrument, additional markings or configurations
of the markings may be provided to enable tilt and/or
transverse tracking.

[0067] Further, regardless of the direction and/or mo-
tion to be tracked, the sensor assemblies and sensors
of the present disclosure may be configured for position-
ing at known locations relative to the guide instrument
and/or any other suitable reference point and the markers
may be located at known positions on the surgical instru-
ment to be tracked. In this manner, the position and ori-
entation of a surgical instrument to be tracked (or portion
thereof, such as a distal end or end effector) may be
determined relative to the guide instrument and/or refer-
ence point. In particular, with the guide instrument posi-
tioned at a particular anatomical location or located within
afield of view, the position and orientation of the surgical
instrument to be tracked (or portion thereof) may be de-
termined relative to the anatomical location or position
within the field of view such that, even if the surgical in-
strument (or portion thereof) to be tracked is not visible,
the position thereof can be readily determined and visu-
alized.
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[0068] The determination of an amount of longitudinal
translation and/or rotation of an instrument to be tracked
relative to a guide instrument or a reference point, and/or
the determination of a longitudinal and/or rotational po-
sition of the instrument to be tracked relative to the guide
instrument or the reference point based on the amount
of longitudinal translation and/or rotation, as in any of the
above aspects, may be performed by suitable electronics
(e.g., processing electronics 628 (FIG. 5) and/or other
suitable electronics including one or more processors
and associated memories storing instructions). The elec-
tronics (e.g., processing electronics 628 (FIG. 5)), in any
of the above aspects, may be associated with or incor-
porated into: the sensor assembly; an instrument such
as, for example, the instrument to be tracked, the guide
instrument, or any other suitable instrument or combina-
tions of instruments; a console; a (wired or wirelessly)
connected computer such as, for example, a smart-
phone, tablet, desktop computer, laptop computer, serv-
er (acloud-based server, alocal server, or aremote serv-
er); combinations thereof; or in any other suitable man-
ner. In aspects, the electronics (e.g., processing elec-
tronics 628 (FIG. 5)) areimplemented across two or mode
assemblies, instruments, and/or computers communica-
tively coupled to one another.

[0069] Further, as noted above, the determined
amount of movement and/or position by the electronics
(e.g., processing electronics 628 (FIG. 5)) may be output
to different electronics or may be utilized by the same
electronics to provide a suitable output such as, for ex-
ample: a warning (visual, audible, tactile, combinations
thereof, etc.) where the determined amount of movement
exceeds a threshold and/or where the position exceeds
aboundary, extends outside a field of view, is sufficiently
approximated relative to another instrument or tissue of
interest, etc.; a visual display of the determined amount
of movement and/or position including a trajectory or path
based on the determined movement and position; a feed-
back signal to a control device (such as an energy gen-
erator to control the application or cessation of energy,
a motion control device such as a robot to move or stop
movement of an instrument, or other suitable control de-
vice); and/or any other suitable output.

[0070] While several aspects of the disclosure have
been shown in the drawings, it is not intended that the
disclosure be limited thereto, as it is intended that the
disclosure be as broad in scope as the art will allow and
that the specification be read likewise. Therefore, the
above description should not be construed as limiting,
but merely as exemplifications of particular aspects.
Those skilled in the art will envision other modifications
within the scope and spirit of the claims appended hereto.
[0071] The invention may be described by reference
to the following numbered paragraphs:-

1. A system for tracking a surgical instrument, com-
prising:
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a pattern on a first surgical instrument, the pat-
tern having a plurality of first markers longitudi-
nally spaced relative to one another and a plu-
rality of second markers circumferentially
spaced relative to one another; and

a sensor assembly configured to operably cou-
ple to a second surgical instrument, the sensor
assembly including at least one sensor config-
ured to:

detect at least one first marker of the plural-
ity of first markers, thereby enabling deter-
mination of longitudinal translation of the
first surgical instrument relative to the sec-
ond surgical instrument; and

detect at least one second marker of the
plurality of second markers, thereby ena-
bling determination of rotation of the first
surgical instrument relative to the second
surgical instrument.

2. The system according to paragraph 1, wherein
the at least one sensor includes:

at least one first sensor configured to detect the
at least one first marker of the plurality of first
markers; and

at least one second sensor configured to detect
the at least one second marker of the plurality
of second markers.

3. The system according to paragraph 1, wherein
the at least one sensor includes:

at least two first sensors, each of the at least two first
sensors configured to detect the at least one first
marker of the plurality of first markers, wherein the
at least two first sensors are longitudinally spaced
relative to one another.

4. The system according to paragraph 3, wherein
the at least two first sensors enable determination
of adirection of the longitudinal translation of the first
surgical instrument relative to the second surgical
instrument.

5. The system according to paragraph 1, wherein
the at least one sensor includes:

at least two second sensors, each of the at least two
second sensors configured to detect the at leastone
second marker of the plurality of second, wherein
the atleast two second sensors are circumferentially
spaced relative to one another.

6. The system according to paragraph 5, wherein
the at least two second sensors enable determina-
tion of a direction of the rotation of the first surgical
instrument relative to the second surgical instru-
ment.
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7. The system according to paragraph 1, wherein
the at least one sensor is an optical sensor, and
wherein the plurality of first markers are optically dis-
tinct from the plurality of second markers.

8. A surgical system for surgical instrument tracking,
the surgical system comprising:

a first surgical instrument including a pattern
having a plurality of first markers arranged for
detection in response to longitudinal translation
of the first surgical instrument and a plurality of
second markers arranged for detection in re-
sponse to rotation of the first surgical instrument;
a second surgical instrument configured to
guide the first surgical instrument such that the
first surgical instrument is permitted to translate
longitudinally and rotate relative to the second
surgical instrument, and such that the first sur-
gical instrument is constrained relative to the
second surgical instrument in at least one other
degree of freedom; and

a sensor assembly operably coupled to the sec-
ond surgical instrument, the sensor assembly
including at least one sensor configured to:

detect at least one first marker of the plural-
ity of first markers, thereby enabling deter-
mination of longitudinal translation of the
first surgical instrument relative to the sec-
ond surgical instrument; and

detect at least one second marker of the
plurality of second markers, thereby ena-
bling determination of rotation of the first
surgical instrument relative to the second
surgical instrument.

9. The surgical system according to paragraph 8,
wherein the second surgical instrument defines a
passage configured to receive at least a portion of
the first surgical instrument, and wherein the first sur-
gical instrument is configured to longitudinally trans-
late and rotate within and relative to the passage of
the second surgical instrument.

10. The surgical system according to paragraph 9,
wherein a sensing region of each of the at least one
sensors intersects the passage or an extension vol-
ume of the passage.

11. The surgical system according to paragraph 10,
wherein the pattern is disposed on an exterior cylin-
drical surface of the first surgical instrument.

12. The surgical system according to paragraph 8,
wherein the sensor assembly is integrated into the
second surgical instrument.
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13. The surgical system according to paragraph 8,
wherein the sensor assembly is removably coupled
to the second surgical instrument.

14. The surgical system according to paragraph 8,
wherein the at least one sensor includes:

at least one first sensor configured to detect the
at least one first marker of the plurality of first
markers; and

at least one second sensor configured to detect
the at least one second marker of the plurality
of second markers.

15. The surgical system according to paragraph 8,
wherein the at least one sensor includes:

at least two first sensors, each of the at least two
first sensors configured to detect the atleastone
first marker of the plurality of first markers; and
at least two second sensors, each of the at least
two second sensors configured to detect the at
least one second marker of the plurality of sec-
ond.

16. The surgical system according to paragraph 8,
wherein at least one of:

the at least two first sensors enable determina-
tion of a direction of the longitudinal translation
of the first surgical instrument relative to the sec-
ond surgical instrument; or

the at least two second sensors enable deter-
mination of a direction of the rotation of the first
surgical instrument relative to the second surgi-
cal instrument.

17. The surgical system according to paragraph 8,
wherein the at least one sensor is an optical sensor
and wherein the plurality of first markers are optically
distinct from the plurality of second markers.

18. A method of tracking a surgical instrument, the
method comprising:

determining longitudinal translation of a first sur-
gical instrument relative to a second surgical in-
strument by detecting at least one first marker
associated with the first surgical instrument with
at least one first sensor associated with the sec-
ond surgical instrument; and

determining rotation of the first surgical instru-
ment relative to the second surgical instrument
by detecting at least one second marker asso-
ciated with the first surgical instrument with at
least one second sensor associated with the
second surgical instrument.



21 EP 4 385 432 A1 22

19. The method according to paragraph 18, wherein:

determining the longitudinal translation of the
first surgical instrument relative to the second
surgical instrument includes determining longi-
tudinal translation of the first surgical instrument
through a passage defined by the second sur-
gical instrument; and

determining the rotation of the first surgical in-
strument relative to the second surgical instru-
ment includes determining rotation of the first
surgical instrument within the passage defined
by the second surgical instrument.

20. The method according to paragraph 18, further
comprising at least one of:

determining a direction of the longitudinal trans-
lation of the first surgical instrument relative to
the second surgical instrument; or

determining a direction of the rotation of the first
surgical instrument relative to the second surgi-
cal instrument.

Claims

A system for tracking a surgical instrument, compris-
ing:

a pattern on a first surgical instrument, the pat-
tern having a plurality of first markers longitudi-
nally spaced relative to one another and a plu-
rality of second markers circumferentially
spaced relative to one another; and

a sensor assembly configured to operably cou-
ple to a second surgical instrument, the sensor
assembly including at least one sensor config-
ured to:

detect at least one first marker of the plural-
ity of first markers, thereby enabling deter-
mination of longitudinal translation of the
first surgical instrument relative to the sec-
ond surgical instrument; and

detect at least one second marker of the
plurality of second markers, thereby ena-
bling determination of rotation of the first
surgical instrument relative to the second
surgical instrument.

2. Thesystemaccordingto claim 1, wherein the atleast

one sensor includes:

at least one first sensor configured to detect the
at least one first marker of the plurality of first
markers; and

at least one second sensor configured to detect
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the at least one second marker of the plurality
of second markers.

The system according to claim 1 or claim 2, wherein
the at least one sensor includes:

at least two first sensors, each of the at least two first
sensors configured to detect the at least one first
marker of the plurality of first markers, wherein the
at least two first sensors are longitudinally spaced
relative to one another, preferably wherein the at
least two first sensors enable determination of a di-
rection of the longitudinal translation of the first sur-
gical instrument relative to the second surgical in-
strument.

The system according to any preceding claim,
wherein the at least one sensor includes:

at least two second sensors, each of the at least two
second sensors configured to detect the at leastone
second marker of the plurality of second, wherein
the atleast two second sensors are circumferentially
spaced relative to one another; preferably wherein
the at least two second sensors enable determina-
tion of a direction of the rotation of the first surgical
instrument relative to the second surgical instru-
ment.

The system according to any preceding claim,
wherein the at least one sensor is an optical sensor,
and wherein the plurality of first markers are optically
distinct from the plurality of second markers.

A surgical system for surgical instrument tracking,
the surgical system comprising:

a first surgical instrument including a pattern
having a plurality of first markers arranged for
detection in response to longitudinal translation
of the first surgical instrument and a plurality of
second markers arranged for detection in re-
sponse torotation of the first surgical instrument;
a second surgical instrument configured to
guide the first surgical instrument such that the
first surgical instrument is permitted to translate
longitudinally and rotate relative to the second
surgical instrument, and such that the first sur-
gical instrument is constrained relative to the
second surgical instrument in at least one other
degree of freedom; and

a sensor assembly operably coupled to the sec-
ond surgical instrument, the sensor assembly
including at least one sensor configured to:

detect at least one first marker of the plural-
ity of first markers, thereby enabling deter-
mination of longitudinal translation of the
first surgical instrument relative to the sec-
ond surgical instrument; and
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detect at least one second marker of the
plurality of second markers, thereby ena-
bling determination of rotation of the first
surgical instrument relative to the second
surgical instrument.

The surgical system according to claim 6, wherein
the second surgical instrument defines a passage
configured to receive at least a portion of the first
surgical instrument, and wherein the first surgical in-
strument is configured to longitudinally translate and
rotate within and relative to the passage of the sec-
ond surgical instrument; preferably wherein a sens-
ing region of each of the at least one sensors inter-
sects the passage or an extension volume of the
passage.

The surgical system according to claim 6 or claim 7,
wherein the pattern is disposed on an exterior cylin-
drical surface of the first surgical instrument.

The surgical system according to any of claims 6 to
8, wherein the sensor assembly is integrated into the
second surgical instrument.

The surgical system according to any of claims 6 to
9, wherein the sensor assembly is removably cou-
pled to the second surgical instrument.

The surgical system according to any of claims 6 to
10, wherein the at least one sensor includes:

at least one first sensor configured to detect the
at least one first marker of the plurality of first
markers; and

at least one second sensor configured to detect
the at least one second marker of the plurality
of second markers.

The surgical system according to any of claims 6 to
11, wherein the at least one sensor includes:

at least two first sensors, each of the atleast two
firstsensors configured to detect the atleast one
first marker of the plurality of first markers; and
at least two second sensors, each of the at least
two second sensors configured to detect the at
least one second marker of the plurality of sec-
ond.

The surgical system according to any of claims 6 to
12, wherein at least one of:

the at least two first sensors enable determina-
tion of a direction of the longitudinal translation
ofthe first surgical instrumentrelative to the sec-
ond surgical instrument; or

the at least two second sensors enable deter-
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13

mination of a direction of the rotation of the first
surgical instrument relative to the second surgi-
cal instrument; and/or wherein the at least one
sensor is an optical sensor and wherein the plu-
rality of first markers are optically distinct from
the plurality of second markers.

14. A method of tracking a surgical instrument, the meth-

od comprising:

determining longitudinal translation of a first sur-
gical instrument relative to a second surgical in-
strument by detecting at least one first marker
associated with the first surgical instrument with
at least one first sensor associated with the sec-
ond surgical instrument; and

determining rotation of the first surgical instru-
ment relative to the second surgical instrument
by detecting at least one second marker asso-
ciated with the first surgical instrument with at
least one second sensor associated with the
second surgical instrument, preferably wherein:

determining the longitudinal translation of
the first surgical instrument relative to the
second surgical instrument includes deter-
mining longitudinal translation of the first
surgical instrument through a passage de-
fined by the second surgical instrument; and
determining the rotation of the first surgical
instrument relative to the second surgical
instrument includes determining rotation of
the first surgical instrument within the pas-
sage defined by the second surgical instru-
ment.

15. The method according to claim 14, further compris-

ing at least one of:

determining a direction of the longitudinal trans-
lation of the first surgical instrument relative to
the second surgical instrument; or

determining a direction of the rotation of the first
surgical instrument relative to the second surgi-
cal instrument.
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